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A phytoplankton was incubated for a week to determine the effects of pH changes on its biomass growth 

in nutrient enrichment incubation samples. In this experiment, a general increase in phytoplankton 

biomass was observed after 24 hours of incubation, with a similar growth pattern in all incubation 

samples. By comparing with the same pH range (7.0 to 8.0), Pulau Pangkor (PP) incubation samples 

achieved the peaks earlier compared to Pulau Redang (PR) samples, although they had a higher 

increment in biomass. Meanwhile, in extreme pH (4.0 and 9.0) incubation samples, the phytoplankton 

biomass was observed to thrive well. This present study suggests that the phytoplankton community in 

Pulau Redang and Pulau Pangkor waters is able to survive in a wide range of pH levels, and the change in 

ocean pH has no vital impacts on the phytoplankton based on the short-term experiment. 
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I. INTRODUCTION 

 
Phytoplankton are microscopic marine algae that consist of a 

wide taxonomic range, including cyanobacteria, diatoms, 

dinoflagellates, and coccolithophores (Lindsey & Scott, 

2010). They are unicellular and colonial organisms that form 

the base of aquatic food webs. According to Yuan et al. (2014), 

they convert chlorophyll and electromagnetic radiation from 

sunlight (wavelength range 400–700 nm) into organic 

compounds from dissolved components in seawater (carbon, 

phosphorus, and nitrogen), and produce energy through 

photosynthesis. They are widely distributed in marine and 

estuarine environments (Saifullah et al., 2019). Marine 

phytoplankton are dominated by microalgae known as 

dinoflagellates and diatoms, even though other algae and 

cyanobacteria can be present (Dokulil & Teubner, 2000; 

Leterme et al., 2020). Phytoplankton are the base of aquatic 

ecosystems that form a fundamental link in the food chain 

and also act as bait for breeding aquatic creatures such as 

shrimp, shellfish, and fish (Yuan et al., 2014). Other than 

that, they are also able to contribute to roughly one-third of 

the global primary production (Mattei et al., 2018; Käse & 

Geuer, 2018). 

The biomass of phytoplankton is widely used as an indicator 

of ecosystem productivity and trophic status (Moran et al., 

2010; Moran & Scharek, 2015). This has potential due to its 

small individual size and short life cycle, which allow it to 

respond to rapid changes in the environment (Yuan et al., 

2014). The varieties of phytoplankton distribution and 

abundance are possibly caused by the differences in local 

environmental conditions. As mentioned by Cunha and 

Calijuri (2013) and Mohamed and Amil (2015), the species 

composition, succession, and abundance of phytoplankton 

were determined by several limiting factors, such as 

nutrients, light, and temperature. 

Phytoplankton plays a significant role in balancing the 

carbon cycle. They are the key mediators of the biological 

pump that can change environmental conditions and predict 

future atmospheric concentrations of carbon dioxide (Basu & 

Mackey, 2018). Their abilities to consume carbon dioxide are 

on a scale equivalent to those of forests and other land plants, 

where the process of inorganic carbon uptake from the 

atmosphere is later converted into organic carbon and stored 

in their body cells. When the phytoplankton die, some of this 

carbon is carried to the deep oceans, and some is transferred 

to different layers in the water column. 
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Phytoplankton exhibit seasonality, where some species are 

present throughout the year, whereas others might only be 

found at certain periods of the year (Stelling et al., 2023). In 

general, these species are seasonal, and they may last only a 

week or two annually. Seasonal blooms of phytoplankton are 

closely linked to monsoon-related changes in winds (Lindsey 

& Scott, 2010). There are two monsoon wind seasons that are 

faced by Malaysia’s climate. Weaker southwest monsoon 

wind occurs from April to August that drives a northward 

coastal jet off Vietnam, whereas stronger northeast monsoon 

winds occur from November to March, which causes a 

southward coastal jet in the South China Sea (Chu et al., 

1999). 

The strong physical wind that occurs along the east coast of 

Peninsular Malaysia may reach more than 30 knots during 

the monsoon (Mohamed & Amil, 2015). It influences a 

plankton community structure (Landry et al., 1998) and 

increases the supply of nutrients in the euphotic zone 

(seawater surface) through the processes of upwelling and 

vertical mixing (Akhir et al., 2012; Mohamed & Amil, 2015). 

Therefore, the nutrient-rich water increases the productivity 

of the phytoplankton. 

Recently, most studies have focused on nutrient 

availability, as it is one of the most important factors for 

phytoplankton growth (Wasmund & Siegel, 2008). According 

to Dogiparti et al. (2013), nitrogen in the form of ammonium 

(NH4+), nitrite (NO2-) and phosphate (PO4-) are the major 

limiting nutrients for phytoplankton. Kilhan and Hecky 

(1988) found that the limiting nutrient for both marine and 

estuarine phytoplankton is nitrogen, whereas the limiting 

nutrient for freshwater phytoplankton is phosphorus. 

The other factor that can influence primary production is 

the seawater pH. The pH parameter is a measurement of the 

hydrogen ion (H+) concentration of a solution; a high 

concentration of H+ indicates a low pH, and vice versa. 

Generally, it is assumed that the pH in marine systems varies 

little around a typical surface value of 8.2 (Tarldsvik & 

Myklestad, 2000). At this average pH level, 90% of total 

carbon dioxide (CO2) is found as molecular bicarbonate 

(HCO3-), only 1% as CO2, and the rest as carbonate ions 

(CO32-) (Steeman Nielsen, 1975). There are a few factors 

affecting pH sensitivity due to changes in the environment, 

such as temperature, salinity, carbon dioxide, partial 

pressure, and total alkalinity (Omstedt et al., 2010). Besides, 

pH is a pivotal factor in the variability of each species of 

phytoplankton. However, inadequate study of pH on the 

growth rate and ecology of marine phytoplankton due to the 

assumption of "a constant seawater pH" causes it not to be 

considered as one of the possible factors (Hinga, 2002). 

Studies have demonstrated that slight changes in pH can 

significantly affect marine systems despite the strong 

buffering capacity of the carbonate system in seawater 

(Pegler & Kempe, 1988; Hurd et al., 2009). Chen and Durbin 

(1994) stated that a variation in pH affects the growth of 

phytoplankton in a number of ways and may be an important 

factor in regulating its abundance and distribution. 

Additional removals of inorganic carbon can either lower or 

raise the pH level. The changes in pH can alter the 

distribution of carbon bioavailability indirectly while also 

altering the availability of trace metals and essential nutrients 

that potentially cause direct physiological effects on the 

phytoplankton at extreme pH levels (Chen & Durbin, 1994). 

Most of the experimental data used monoculture to observe 

the effects of pH in a small range on phytoplankton, and some 

showed quite a similar result based on the growth rates (Chen 

& Durbin, 1994; Hinga, 2002; Shi et al., 2009; Berge et al., 

2010). Meanwhile, few studies used natural phytoplankton 

communities, which resulted in species composition 

alteration in response to lowered pH (Pedersen & Hansen, 

2003; Feng et al., 2009). 

Here, we have focused primarily on the effects of ocean 

acidification phenomena on a phytoplankton community. In 

this study, the aim is to determine the effects of pH changes 

(4.0–9.0) on the growth of phytoplankton biomass in the 

nutrient enrichment incubation samples collected from Pulau 

Redang and Pulau Pangkor. 

 
II. MATERIALS AND METHOD 

 
A. Seawater Sampling 

 
Samplings were carried out on October 5, 2019 at Pulau 

Redang, Terengganu, and on October 31, 2019 at Pulau 

Pangkor, Perak (Figure 1). Seawater samples of 10 L at the 

surface layer (3 m depth) were collected by using a van Dorn 

water sampler at a few selected sampling stations for the 
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enriched incubation experiment. In-situ parameters for each 

sample were recorded using YSI Pro Plus. 

 

 

Figure 1. Map showing the location of the selected sampling 

stations at Pulau Redang (PR) (top) and Pulau Pangkor (PP) 

(bottom). 

 
B. Nutrients Preparation 

 
A combination of nutrients was added to the incubation 

samples to induce phytoplankton biomass growth. The main 

nutrients needed by phytoplankton are carbon, nitrogen, and 

phosphorus. Glucose (C6H12O6) was used as the source of C, 

ammonia chloride (NH4Cl) as a source of N, and di-sodium 

hydrogen phosphate (Na2HPO4) as a source of P. The 

preparation of the nutrient solutions was done as per 

suggested by Mohamed and Amil (2015). 

 
C. pH Incubation Analysis 

 
To gain a better understanding of the effects of pH changes 

on phytoplankton biomass, we conducted two experiments 

with different pH ranges that mimic the natural seawater and 

extreme conditions. 10 L of unfiltered surface seawater 

samples were collected from Pulau Redang (PR) and Pulau 

Pangkor (PP) to serve as a representation of the natural 

phytoplankton community. Collected samples were divided 

into a few subsamples in incubation bottles with a volume of 

250 mL. Seawater samples collected from Pulau Redang were 

subsampled to four different pHs (7.0, 7.5, 8.0, and 8.5), 

whereas samples collected from Pulau Pangkor were 

subsampled to six different pHs (4.0, 5.0, 6.0, 7.0, 8.0, and 

9.0). Hydrochloric acid (HCl) and ammonia solution 

(NH4OH) were used to adjust the pH of each incubation 

sample. All the incubation samples were incubated in an 

incubator at the ambient ocean temperature of 28 °C with an 

exposure to ultraviolet (UV) rays. The phytoplankton’s 

biomass in all samples was monitored every day for up to a 

week by using a spectrophotometer, to detect the 

concentrations of chlorophyll-a. The growth of 

phytoplankton biomass in each sample was measured at a 

wavelength between 550 nm and 600 nm (Mohamed & Amil, 

2015). 

 
D. Calculations and Statistics 

 
Exponential growth rates in μ (day-1) were calculated as:  

 
μ = ln (Xt2 – Xt1)/t2 – t1  (1) 

 
where Xt2 and Xt1 is the biomass growth at the end (t2) and 

start (t1) with a sampled interval of 24 hours. All statistical 

analysis were done using IBM SPSS Statistic version 25. 

Analysis of variance (ANOVA) was used to test for differences 

in growth rates. A significance level of <0.05 was chosen.   

 
III. RESULT AND DISCUSSION 

 
A. Phytoplankton Biomass Growth Pattern 

 
A natural marine phytoplankton biomass was quantified in 

bulk by using a spectrophotometer to detect the adsorption of 

chlorophyll-a. Nutrients were added to promote the rapid 

growth of phytoplankton and to observe the effects of pH 

changes on the phytoplankton within a brief timeframe. The 

changes in chlorophyll-a concentration are commonly used 

as a proxy for phytoplankton production and biomass 

(Olonscheck et al., 2013). 

All stations at Pulau Redang showed the same pattern of 

growth, whereby an increase in biomass was observed after 

24 hours of incubation. The phytoplankton achieved the 

highest peak at 48 hours except in pH 8.0 incubation (PR 3) 

(Figure 2). Among these stations, PR 2 and PR 4 showed the 

highest biomass increase of 64-fold within 24 hours in pH 7.0 

and 7.5 incubations. Meanwhile, PR 3 showed the highest 

biomass increase of 61-fold and 99-fold in pH 8.0 and 8.5 

incubations, respectively. After 48 hours of incubation, the 

biomass in all pH ranges dropped, and the readings were 

similar to the initials at the end of the experiment. 
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From the growth pattern in seawater samples from Pulau 

Pangkor, an increase in biomass was observed after 24 hours 

of incubation in all incubation samples (Figure 3). However, 

only in pH 4.0 incubation did the biomass achieve the highest 

peak at 48 hours, whereas the others (pH 5.0–9.0) achieved 

the highest peak earlier, which occurred at 24 hours. The 

highest biomass increases between the pHs occurred in PP 6, 

whereby an increase of 9-fold (pH 4.0 and 7.0), 11-fold (pH 

5.0), 7-fold (pH 6.0), 13-fold (pH 8.0), and 5-fold (pH 9.0) 

occurred within 24 hours of incubation. After 24 hours, most 

of the biomass decreased until the end of the experiment. 

 

  

  

Figure 2. Growth pattern of natural marine phytoplankton 

community in a) PR 1, b) PR 2, c) PR 3 and d) PR 4 at pH 

range 7.0 – 8.5. 

 
Samples from Pulau Redang stations’ initial readings of 

chlorophyll-a were detected below 0.008 abs, and Pulau 

Pangkor stations were below 0.04 abs, which showed a 50-

fold difference between the two sides. Contrary to the study 

reported by Lim and Lee (2015), Pulau Redang has a lower 

amount of biomass compared to other coastal water systems. 

Contradicting Pulau Pangkor, which serves as one of the main 

tourist attractions on the west coast of Peninsular Malaysia, 

the overdevelopment and improper waste disposal systems in 

coastal zones (Praveena et al., 2012) largely contributed to 

higher initial biomass readings due to the high input of 

nutrients.  

An increase in biomass within 24 hours from Pulau Redang 

incubation samples was observed to be higher than that from 

Pulau Pangkor incubation samples at the same pH (7.0 and 

8.0) (Table 1). It suggested that the seawater at Pulau Redang 

has an insufficient amount of nutrients (Lim & Lee, 2015), 

which hindered the growth of phytoplankton as the 

phytoplankton poised to grow with the addition of nutrients 

in the experiment (Mohamed & Amil, 2015). 

 

  

 

Figure 3. Growth pattern of natural marine phytoplankton 

community in a) PP 1, b) PP 2 and c) PP 3 at pH range 4.0 – 

9.0. 

 

Table 1. Differences in phytoplankton biomass in pH 7.0 and 

8.0 incubations between Pulau Redang (PR) and Pulau 

Pangkor (PP). 

  Pulau Redang (PR) Pulau Pangkor (PP) Ratio 
pH abs Inc. abs Inc. (PR/PP) 

  0H 24H   0H 24H     
7.0 0.001  0.064  64 x 0.011 0.104 9 x 7.1 

8.0 0.001  0.061  61 x 0.007  0.091 13 x 4.7 

 
There was no apparent lag phase observed in all pH ranges 

(except for pH 4.0 incubation) during the incubation period 

(Figures 3 and 4). In pH 4.0 incubation, the lag phase was 

recorded for a short period only (<24 hours). No apparent lag 

phase was recorded at the beginning of the experiment, this 

might be due to the fast adaptation of phytoplankton to new 

sources of nutrients, light exposure intensity, or temperature 

shock (Irwin et al., 2015; Mohamed & Amil, 2015). 
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Meanwhile, in pH 4.0 incubation, the phytoplankton was still 

adapting to the new conditions (nutrient addition). After 24 

hours, the phytoplankton biomass on both sides began 

decreasing until the end of the incubation period. The 

decrement in phytoplankton biomass might have been 

caused by the insufficient addition of nutrients in early 

incubation, which could have hindered their ability to 

continually grow, and the grazing effects of zooplankton 

within the samples might have contributed as well (Pedersan 

& Hansen, 2003). Some species in the phytoplankton 

community also have the tendency to disappear completely 

throughout the incubation period (Pedersan & Hansen, 

2003). 

The focus of the phytoplankton group was diatoms and 

dinoflagellates, as they were the most dominant classes in 

most of the previous experiments conducted in the region (Li 

et al., 2011; Lim & Lee, 2015; Mohamed & Amil, 2015; Zhou 

et al., 2017). According to Margalef (1978), diatoms are 

usually dominant in areas with rich nutrients, whereas 

dinoflagellates are often found in areas with low nutrients. 

This present study has deduced that diatoms dominate the 

composition of the phytoplankton in Pulau Redang, as 

reported by Lim and Lee (2015). It is dominated by 

Chaetoceros sp.. According to Wu and Chou (2003), such 

predominance could occur as it employs the r-strategy 

because of its small size and ability to respond to nutrient-

limiting conditions. 

Despite the low nutrients input and low phytoplankton 

biomass in Pulau Redang (Lim & Lee, 2015), results from this 

study suggest that the phytoplankton community of the site 

of interest is able to survive within the pH range of 7.0–8.5. 

However, a lower pH (<pH 7.0) could interrupt the 

phytoplankton growth, raising concerns about the sensitivity 

of phytoplankton in Pulau Redang to environmental changes. 

This is due to the fact that Pulau Redang is one of the marine 

parks in Malaysia where the least anthropogenic activities 

lead to drastic changes, which is different compared to Pulau 

Pangkor. 

 
B. Phytoplankton Growth Rate 

 
Based on statistical analysis (Figure 4 and Figure 5), the 

growth rates in all pH ranges were similar, as there was no 

significant difference. From the overall observation, the 

growth rate in Pulau Redang incubation samples reached its 

maximum within 24 hours in the pH range of 7.0–8.5. On the 

next 24-hour cycle (48 hours), it decreased drastically and 

continued to be in the negative range at 72 hours (Figure 5). 

However, only pH 8.0 from all stations was observed to 

maintain a positive growth rate for up to 48 hours of 

incubation compared to others. This was in contrast to the 

results from Pulau Pangkor incubation samples, where the 

positive growth rate only occurred within 24 hours. 

 

  

  

Figure 4. The growth rate of the natural marine 

phytoplankton community in Pulau Redang within 72 hours 

of incubation. 
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Figure 5. The growth rate of the natural marine 

phytoplankton community in Pulau Pangkor within 72 

hours of incubation. 

 
However, the results from both sites showed a similar range 

as previously published phytoplankton growth rates (Table 

2), with the exception of no specific species in our 

experiment. The differences in species composition that 

thrive at different pHs were based on their tolerance to pH 

changes and their ability to maintain a favourable 

intracellular pH (Berge et al., 2010; Labare et al., 2010). 

According to Pedersen and Hansen (2003), the effects of the 

pH on the phytoplankton in nature are highly dependent on 

the duration of exposure and the extent to which species can 

be reintroduced. 

 
Table 2. Marine phytoplankton group, species and pH range 

for maximum exponential growth based on previous studies. 

The pH range for maximum exponential growth is defined 

as the pH over which growth rates were at their maximum 

levels. 

 

Phytoplankton 

groups 

 

Species 

pH range 

for max. 

exponential 

growth rate 

 

Sources 

 

Prorocentrum 

minimum 
7.3 - 8.9 

Hansen 

(2002) 

 
  7.0 - 8.4 

Berge et al. 

(2010) 
 

 

Prorocentrum 

micans 
7.0 - 8.4 

Dinoflagellates 

Heterocapsa 

triquetra 
6.9 - 8.7 

 

Heterocapsa 

triquetra 
7.6 - 9.1 

Hansen 

(2002) 
 

 

Ceratium 

lineatum 
7.4 - 8.5 

  

Karlodinium 

veneficum 
7.0 - 8.3 

Berge et al. 

(2010) 

 

Thallasiosira 

oceanica 
7.1 - 8.9 

Chen and 

Durbin (1994) 
 

Diatoms 

Thallasiosira 

pseudonana 
7.1 - 8.9 

  

Coscinodiscus 

granii 
7.1 - 8.4 

Berge et al. 

(2010) 

 
Meanwhile, at the extreme condition tested (pH 9.0) in this 

experiment, the phytoplankton in Pulau Pangkor incubation 

samples showed a similar pattern of growth rate to other pH 

incubations. According to Pedersen and Hansen (2003), 

some pH-tolerant species were able to thrive well in pH 9.0 

incubations. A well-grown phytoplankton biomass at a high 

pH (9.0) could result in low grazing that poses a high 

mortality rate for copepod and protozooplankton 

communities (Pedersen & Hansen, 2003). Besides, it was 

hypothesised that exposing phytoplankton to high pH 

conditions would lead to a substantial reduction in species 

richness and result in long-lasting changes in their 

composition (Pedersen & Hansen, 2003; Flynn et al., 2015). 

At the same time, it was believed that when phytoplankton 

are exposed to high pH conditions, their species richness will 

also significantly decrease for extended periods of time 

(Pedersen & Hansen, 2003).  

Although there are yet to be relevant studies conducted with 

a pH below 6.0, this study proved that the natural community 

of phytoplankton was able to survive in these extremely acidic 

conditions (< pH 7.0). They had shown a similar pattern of 

growth rates with others, but only at pH 4.0. It showed a 

different pattern, based on Figure 6, where a positive growth 

rate was observed that extended until 48 hours of incubation. 

Berge et al. (2010) found that the growth rate of the 

cryptophyte Teleaulax amphioxeia was also unaffected, even 

at a lowered pH of ~6.1. This proposes that the phytoplankton 

growth rates in general from both study sites are tolerant of 

ecological changes in pH over a short-term period. On the 

other hand, picophytoplankton also have a high survivability 

rate upon the increment in acidification, and showed no 
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significant affliction, especially in the abundance of total 

bacteria (Allgaier et al., 2008; Newbold et al., 2012). Besides, 

there is also a possibility of community composition shifting 

occurring at pH 4.0 (Figure 6). According to Dutkiewicz et al. 

(2015), picophytoplankton were able to survive in extremely 

acidic conditions due to their higher growth rate response 

(GRR) based on the model marine ecosystem taken from pre-

industrial conditions until 2100. 

It is predicted that by 2100, the ocean pH levels will reduce 

until they reach pH 7.67, which is roughly five times the 

amount of acidification in the past decades (Kennedy, 2010). 

Based on this present study, the short-term incubation 

showed that the phytoplankton biomass growth in Pulau 

Redang and Pulau Pangkor might not be affected by ocean 

acidification in the near future. It has been proven that the 

phytoplankton from Pulau Redang are able to thrive in 

conditions as low as pH 7.0 (Figure 3), whereas those from 

Pulau Pangkor are able to thrive in conditions as low as pH 

4.0 (Figure 4). Even though there was no phytoplankton 

composition recorded, this study suggests that there might be 

changes in the community composition at low pH, especially 

at pH 4.0, based on the trend of growth rates shown in Figure 

5. 

 
IV. CONCLUSION 

 
In summary, this short-term experiment with a fixed pH 

exposed to the phytoplankton community showed positive 

effects on biomass growth from low to high pH levels. 

Although there are monsoonal seasons in Malaysia, the pH 

range (7-8) between pre- and post-monsoon has been proven 

to not affect the phytoplankton community in Pulau Redang 

and Pulau Pangkor. 

Considering the ongoing ocean acidification, if the pH is 

continually decreasing (pH<7.0), changes in community 

composition due to different coping mechanisms, such as the 

CO2 concentrating mechanism (CCM), of each species 

present might occur. The lack of understanding on this 

matter explains the need to filter the seawater to lower the 

grazing effects of microzooplankton on phytoplankton and to 

identify the composition of the natural phytoplankton 

community, which is to improve current knowledge. Hence, 

it is hoped that future studies will be able to interpret the 

possibilities of certain phytoplankton groups that might be 

afflicted with pH variation. 

 
V. ACKNOWLEDGEMENT 

 
This study was funded by Grant Universiti Putra Malaysia 

(project code: GP/2018/9608500). Special thanks to the 

Department of Environmental Sciences, Faculty of Forestry 

and Environmental Studies, Universiti Putra Malaysia for the 

assistance given during the sampling expeditions and 

analysis. 

 

VI. REFERENCES 
 

 
Akhir, MFM 2012, ‘Surface circulation and temperature 

distribution of southern South China sea from global ocean 

model (OCCAM)’, Sains Malaysiana, vol. 41, no. 6, pp. 701–

714. 

Allgaier, M, Riebesell, U, Vogt, M, Thyrhaug, R & Grossart, 

HP 2008, ‘Coupling of heterotrophic bacteria to 

phytoplankton bloom development at different pCO2 levels: 

a mesocosm study’, Biogeosciences, vol. 5, pp. 1007– 1022. 

Anthony, KR, Maynard, JA, Diaz-pulido, G, Mumby, PJ, 

Marshall, PA, Cao, L & Hoegh-Guldberg, OVE 2011, ‘Ocean 

acidification and warming will lower coral reef resilience’, 

Global Change Biology, vol. 17, no. 5, pp. 1798–1808. 

Basu, S & Mackey, KRM 2018, ‘Phytoplankton as key 

mediators of the biological carbon pump: their responses to 

a changing climate’, Sustainability, vol. 10, no. 3, pp. 1-18.  

Berge, T, Daugbjerg, N, Andersen, BB & Hansen, PJ 2010, 

‘Effect of lowered pH on marine phytoplankton growth 

rates’, Marine Ecology Progress Series, vol. 416, pp. 79–91.  

Chen, CY & Durbin, EG 1994, ‘Effects of pH on the growth 

and carbon uptake of marine phytoplankton’, Marine 

Ecology Progress Series, vol. 109, no. 1, pp. 83–94.  

Chu, PC, Edmons, NL & Fan, C 1999, ‘Dynamical mechanisms 

for the South China Sea seasonal circulation and 

thermohaline variabilities’, Journal of Oceanography, vol. 

29, no. 11, pp. 2971-2989.  

Cunha, DGF & Calijuri, MC 2011, ‘Limiting factors for 

phytoplankton growth in subtropical reservoirs: The effect 

of light and nutrient availability in different longitudinal 

compartments’, Lake and Reservoir Management, vol. 27, 

no. 2, pp. 162–172.  



ASM Science Journal, Volume 19, 2024  
 

8 

Davey, T 2018, As CO2 levels rise, scientists question best- 

and worst-case scenarios of climate change, viewed 7 

October 2020, <https://futureoflife.org/2018/02/06/if-

atmospheric-co2-doubles-how-hot-will-it-get/?cn-

reloaded=1>.  

Dogiparti, A, Kurapati, RK & Joseph, URT 2013, ‘Study on 

Distribution and Diversity of Phytoplankton in Relation to 

Physico - chemical Parameters in Bhavanapadu Creek, 

Andhra Pradesh, India’, International Journal of Basic and 

Applied Science, vol. 2, no. 1, pp. 1–10. 

Dokulil, MT & Teubner, K 2000, ‘Cynobacterial dominance in 

lakes’, Hydrobiologia, vol. 438, pp. 1-12.  

Dutkiewicz, S, Morris, JJ, Follows, MJ, Scott, J, Levitan, O, 

Dyhrman, ST & Berman-Frank, I 2015, ‘Impact of ocean 

acidification on the structure of future phytoplankton 

communities’, Nature Climate Change, vol. 5, no. 11, pp. 

1002–1006. 

Feng, Y, Hare, CE, Leblanc, K, Rose, JM, Zhang, Y, DiTullio, 

GR, Lee, PA, Wilhelm, SW, Rowe, JM, Sun, J, Nemcek, N, 

Guenguen, C, Passow, U, Benner, I, Brown, C & Hutchins, 

DA 2009, ‘Effects of increased pCO2 and temperature on 

the North Atlantic spring bloom. I. The phytoplankton 

community and biogeochemical response’, Marine 

Ecological Progress Series, vol. 388, pp. 13–25. 

Flynn, KJ, Blackford, JC, Baird, ME, Raven, JA, Clark, DR, 

Beardall, J, Brownlee, C, Fabian, H & Wheeler, GL 2012, 

‘Changes in pH at the exterior surface of plankton with 

ocean acidification’, Nature Climate Change, vol. 2, pp. 510-

513.  

Gao, K, Helbling, EW, Hader, D & Hutchins, DA 2012, 

‘Response of marine primary producers to interactions 

between ocean acidification, solar radiation and warming’, 

Marine Ecology Progress Series, vol. 470, pp. 167-189.  

Gobler, CJ & Baumann, H 2016, ‘Hypoxia and acidification in 

ocean ecosystems: couple dynamics and effects on marine 

life’, Biology Letters, vol. 12, pp. 1-11.  

Hama, T, Inoue, T, Suzuki, R, Kashiwazaki, H, Wada, S, 

Sasano, D, Kosugi, N & Ishii, M 2016, ‘Response of a 

phytoplankton community to nutrient addition under 

different CO2 and pH conditions’, Journal of Oceanography, 

vol. 72, pp. 207-223.  

Hansen, PJ 2002, ‘Effect of high pH on the growth and 

survival of marine phytoplankton: implications for species 

succession’, Aquatic Microbial Ecology, vol. 28, pp. 279-

288.  

Hilligsøe, KM, Richardson, K, Bendtsen, J, Sørensen, LL, 

Nielsen, TG & Lyngsgaard, MM 2011, ‘Linking 

phytoplankton community size composition with 

temperature, plankton food web structure and sea-air CO2 

flux’, Deep Sea Res Part I, vol. 58, pp. 826–838. 

Hinga, KR 2002, ‘Effects of pH on coastal marine 

phytoplankton’, Marine Ecology Progress Series, vol. 238, 

pp. 281–300.  

Hoffman, DJ, Butler, JH & Tans, PP 2009, ‘A new look at 

atmospheric carbon dioxide’, Atmospheric Environment, 

vol. 43, no. 12, pp. 2084-2086.  

Hurd, CL, Hepburn, CD, Currie, KI, Raven, JA & Hunter, KA 

2009, ‘Testing the effects of ocean acidification on algal 

metabolism: considerations for experimental designs’, 

Journal of Phycology, vol. 24, pp. 1236-1251.  

Irwin, AJ, Finkel, ZV, Müller-Karger, FE & Ghinaglia, LT 

2015, ‘Phytoplankton adapt to changing ocean 

environments’, Proceedings of the National Academy of 

Sciences of the United States of America, vol. 112, no. 18, 

pp. 5762–5766. 

Jiang, L, Zhang, F, Guo, M, Guo, Y, Zhang, Y, Zhou, G, Cai, L, 

Lian, J, Qian, P & Huang, H 2018, ‘Increased temperature 

mitigates the effects of ocean acidification on the 

calcification on juvenile Pocillopora damicornis, but at a 

cost’, Coral Reefs, vol. 37, pp. 71 – 79.  

Joint, I, Doney, SC & Karl, DM 2011, ‘Will Ocean acidification 

affect marine microbes?’ ISME Journal, vol. 5, pp. 1-7.  

Käse, L & Geuer, JK 2018. ‘Phytoplankton responses to 

marine climate change – an introduction’ YOUMARES 8 – 

Ocean Across Boundaries: Learning from each other, pp. 

55-71.  

Kennedy, C 2010, ‘Ocean acidification, today and in the 

future’, viewed 7 October 2020, 

<https://www.climate.gov/news-features/featured-

images/ocean-acidification-today-and-future>.  

Kilham, P & Hecky, RE 1988, ‘Comparative ecology of marine 

and freshwater phytoplankton’, Limnology and 

Oceanography, vol. 33, pp. 776-795.  

Labare, M, Bays, JT, Butkus, MA, Snyder-Leiby, T, Smith, A, 

Goldstein, A, Schwartz, JD, Wilson, KC, Ginter, MR, Bare, 

EA, Watts, RE, Michealson, E, Miller, N & LaBranche, R 

2010, ‘The effects of elevated carbon dioxide levels on a 

Vibrio sp. isolated from the deep-sea’, Environment Science 

and Pollution Research International, vol. 17, pp. 1009–

1015. 

Landry, MR, Brown, SL, Campbell, L, Constantinou, J & Liu, 

H 1998, ‘Spatial patterns in phytoplankton growth and 

microzooplankton grazing during monsoon forcing’, Deep 

https://futureoflife.org/2018/02/06/if-atmospheric-co2-doubles-how-hot-will-it-get/?cn-reloaded=1
https://futureoflife.org/2018/02/06/if-atmospheric-co2-doubles-how-hot-will-it-get/?cn-reloaded=1
https://futureoflife.org/2018/02/06/if-atmospheric-co2-doubles-how-hot-will-it-get/?cn-reloaded=1
https://link.springer.com/chapter/10.1007/978-3-319-93284-2_5#auth-Laura-K_se
https://www.climate.gov/news-features/featured-images/ocean-acidification-today-and-future
https://www.climate.gov/news-features/featured-images/ocean-acidification-today-and-future


ASM Science Journal, Volume 19, 2024  
 

9 

Sea Research Part II: Tropical Studies in Oceanography, 

vol. 45, pp. 2535-2368. 

Leterme, SC, Seuront, L & Edwards, M 2020, ‘Differential 

contribution of diatoms and dinoflagellates to 

phytoplankton biomass in the NE Atlantic Ocean and the 

North Sea’, Marine Ecology Progress Series, vol. 312, pp. 57-

65.  

Li, T, Liu, S, Huang, L, Huang, H, Lian, J, Yan, Y & Lin, S 

2011, ‘Diatom to dinoflagellate shift in the summer 

phytoplankton community in a bay impacted by nuclear 

power plant thermal effluent’, Marine Ecology Progress 

Series, vol. 424, pp. 75–85.  

Lim, JH & Lee, CW 2015, ‘Short-timescale variation of 

phytoplankton abundance and diversity at Redang Island,’ 

Malaysian Journal of Science, vol. 34, no. 1, pp. 2–7. 

Lindsey, R & Scott, M 2010, ‘What are phytoplankton?’, 

viewed 7 October 2020 

<https://earthobservatory.nasa.gov/features/Phytoplankt

on>.  

Lindsey, R 2020, ‘Climate change: atmospheric carbon 

dioxide’, viewed 20 February 2020, 

<https://www.climate.gov/news-features/understanding-

climate/climate-change-atmospheric-carbon-dioxide>. 

Liu, W & He, M 2012, ‘Effects of ocean acidification on the 

metabolic rates of three species of bivalve from southern 

coast of China’, Chinese Journal of Oceanology and 

Limnology, vol. 30, no. 2, pp. 206-2011.  

Margalef, R 1978, ‘Life-forms of phytoplankton as survival 

alternatives in an unstable environment’, Oceanologica 

Acta, vol. 1, pp. 493-509.   

Mattei, F, Franceschini, S & Scardi, M 2018, ‘A depth-

resolved artificial neural network model of marine 

phytoplankton primary production’, Ecological Modelling, 

vol. 382, pp. 51-62.  

Michaelidis, B, Ouzounis, C, Paleras, A & Portner, HO 2005, 

‘Effects of long-term moderate hypercapnia on acid-base 

balance and growth rate in marine mussels Mytilus 

galloprovincialis’, Marine Ecological Progress Series, vol. 

293, pp. 109–118. 

Mohamed, KN & Amil, R 2015, ‘Nutrients Enrichment 

Experiment on Seawater Samples at Pulau Perhentian, 

Terengganu’, Procedia Environmental Sciences, vol. 30, pp. 

262–267.  

Mohamed, KN, Ramjam, NJ & Azahar, NI 2021, ‘Dissolved 

Fe(III) Speciation at Tropical Coastal Water: In case of 

Northeast Monsoon Effect’, Journal of Sustainability 

Science and Management, vol. 16, no. 8, pp. 256-267. 

Morán, XAG & Scharek, R 2015, ‘Photosynthetic parameters 

and primary production, with focus on large 

phytoplankton, in a temperate mid-shelf ecosystem’, 

Estuarine, Coastal and Shelf Science, vol. 154, pp. 255–263. 

Morán, XAG, López-Urrutia, Á, Calvo-Díaz, A & Li, WKW 

2010, ‘Increasing importance of small phytoplankton in a 

warmer ocean’, Global Change Biology, vol. 16, no. 3, pp. 

1137–1144. 

Nakamura, M, Ohki, S, Suzuki, A & Sakai, K 2011, ‘Coral 

larvae under ocean acidification: Survival, metabolism and 

metamorphosis’, PLoS One, vol. 6, no. 1, pp. 1-7.  

Newbold, LK, Oliver, AE, Booth, T, Tiwari, B, Desantis, T, 

Maguire, M & Whiteley, AS 2012, ‘The response of marine 

picoplankton to ocean acidification’, Environmental 

Microbiology, vol. 14, no. 9, pp. 2293–2307. 

NOAA 2013, ‘CO2 at NOAA’s Mauna Loa Observatory reaches 

new milestone: Tops 400 ppm’, viewed 7 October 2020, 

<https://www.esrl.noaa.gov/gmd/news/7074.html>.  

NOAA 2020, ‘Ocean-atmosphere CO2 exchange’, viewed 7 

October 2020, <https://sos.noaa.gov/datasets/ocean-

atmosphere-co2-exchange/>.   

Olonscheck, D, Hofmann, M, Worm, B & Schellnhuber, HJ 

2013, ‘Decomposing the effects of ocean warming on 

chlorophyll-a concentrations into physically and 

biologically driven contributions’, Environmental Research 

Letters, vol. 8, no. 1.  

Omstedt, A, Edman, M, Anderson, LG & Laudon, H 2010, 

‘Factors influencing the acid-base (pH) balance in the Baltic 

Sea: A sensitivity analysis’, Tellus, Series B: Chemical and 

Physical Meteorology, vol. 62, no. 4, pp. 280–295.  

Orr, JC, Fabry, VJ, Aumont, O, Bopp, L, Doney, SC, Feely, RA, 

Gnanadesikan, A, Gruber, N, Ishida, A, Joos, F, Key, RM, 

Lindsay, K, Maier-Reimer, E, Matear, R, Monfray, P, 

Mouchet A, Najjar,  RG, Plattner, GK, Rodgers, KB, Sabine,  

CL, Sarmiento, JL, Schlitzer, R, Slater, RD, Totterdell, IJ, 

Weirig, MF, Yamanaka, Y & Yool, A 2005, ‘Anthropogenic 

ocean acidification over the twenty-first century and its 

impact on calcifying organisms,’ Nature, vol. 437, no. 7059, 

pp. 681-686.  

Pedersen, MF & Hansen, PJ 2003, ‘Effects of high pH on a 

natural marine planktonic community’, Marine Ecology 

Progress Series, vol. 260, pp. 19–31.  

Pegler, K & Kempe, S 1988, ‘The carbonate system of the 

North Sea: Determination of alkalinity and TCO2 and 

calculation of PCO2 and SIcal (Spring 1986). Mitteilungen 

Geologisch-Paläontologisches Institut; In 

"Biogeochemistry and Distribution of Suspended Matter in 

https://earthobservatory.nasa.gov/features/Phytoplankton
https://earthobservatory.nasa.gov/features/Phytoplankton
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.esrl.noaa.gov/gmd/news/7074.html
https://sos.noaa.gov/datasets/ocean-atmosphere-co2-exchange/
https://sos.noaa.gov/datasets/ocean-atmosphere-co2-exchange/


ASM Science Journal, Volume 19, 2024  
 

10 

the North Sea and Implications to Fisheries Biology" (eds. 

S. Kempe, G. Liebezeit, V. Dethlefsen & U. Harms), 

SCOPE/UNEP Sonderband, vol. 65, pp. 35-87. 

Poore, AGB, Graba-Landry, A, Favret, M, Sheppard 

Brennand, H, Byrne, M & Dworjanyn, SA 2013, ‘Direct and 

indirect effects of ocean acidification and warming on a 

marine plant-herbivore interaction’, Oecologia, vol. 173, 

no.3, pp. 1113–1124.  

Praveena, SM, Siraj, SS & Aris, AZ 2012, ‘Coral reef studies 

and threats in Malaysia: a mini review’, Reviews in 

Environmental Science and Biotechnology, vol. 11, no.1, pp. 

27-39.  

Raven, JA 1991, ‘Physiology of inorganic C acquisition and 

implications for resource use efficiency by marine 

phytoplankton: Relation to increased CO2 and 

temperature’, Plant Cell Environ, vol. 14, pp. 779–794. 

Reipschlager, A & Portner, HO 1996, ‘Metabolic depression 

during environmental stress: the role of extra- versus 

intracellular pH in Sipunculus nudus’, Journal of 

Experimental Biology, vol. 199, pp. 1801–1807. 

Richier, S, Achterberg, EP, Dumousseaud, C, Poulton, AJ, 

Suggett, DJ, Tyrrell, T, Zubkov, MV & Moore, CM 2014, 

‘Phytoplankton responses and associated carbon cycling 

during shipboard carbonate chemistry manipulation 

experiments conducted around Northwest European shelf 

seas’, Biogeosciences, vol. 11, pp. 4733-4752. 

Sabine, CL, Feely, R, Gruber, N, Key, R, Lee, K, Bullister, J, 

Wanninkhof, R, Wong, C, Wallace, D, Tilbrook, B, Millero, 

F, Peng, T, Kozyr, A, Ono, T & Rios, A 2004, ‘The oceanic 

sink for anthropogenic CO2’, Science, vol. 305, no. 5682, pp. 

367 – 371.  

Saifullah, ASM, Kamal, AHM, Idris, MH & Rajaee, AH 2019, 

‘Community composition and diversity of phytoplankton in 

relation to environmental variables and seasonality in a 

tropical mangrove estuary’, Regional Studies in Marine 

Science, vol. 32, pp. 100826.  

Secretariat of the Convention on Biological Diversity 2009, 

‘Scientific synthesis of the impacts of ocean acidification on 

marine biodiversity’, Montreal, Technical Series, vol. 46, 

pp. 1-61.  

Shanableh, A, Merabtene, T, Omar, M & Imteaz, M 2011, 

‘Impact of surface ocean acidification on the CO2 absoprtion 

rate’, International Journal of Global Warming, vol. 3, pp. 

163 – 172.  

Shi, D, Xu, Y & Morel, FMM 2009, ‘Effects of the pH/pCO2 

control method on medium chemistry and phytoplankton 

growth’, Biogeosciences, vol. 6, no. 7, pp. 1199–1207.  

Shultz, KG, Bellerby, RGJ, Brussaard, CPD, Büdenbender, J, 

Czerny, J, Engle, A, Fischer, M, Koch-Klavsen, S, Krug, SA, 

Lischka, S, Ludwig, A, Meyerhöfer, M, Nondal, G, 

Silyakova, A, Stuhr, A & Riebesell, U 2013, ‘Temporal 

biomass dynamics of an Arctic planktonbloom in response 

to increasing levels of atmospheric carbon dioxide’, 

Biogeosciences, vol. 10, pp. 161-180.  

Smith, T 2012, ‘Warming oceans face CO2 tipping point,’ 

viewed 7 October 2020, 

<https://www.climatechangenews.com/2012/01/24/war

ming-oceans-face-co2-tipping-point/>.   

Steeman Nielsen, E 1975, ‘Marine photosynthesis with special 

emphasis on the ecological aspects’, New York, U. S. A.: 

Elsevier Scientific Publishing Co. 

Stelling, B, Phlips, E, Badylak, S, Landauer, L, Tate, M & 

West-Valle, A 2023, ‘Seasonality of phytoplankton biomass 

and composition on the Cape Canaveral shelf of Florida: 

Role of shifts in climate and coastal watershed influences’, 

Frontiers in Ecology and Evolution, vol. 11, p. 1134069.  

Tan, CK, Ishizaka, J, Matsumura, S, Yusoff, MD & Mohamed, 

MIH 2006, ‘Seasonal variability of SeaWiFS chlorophyll-a 

in the Malacca Straits in relation to Asian monsoon’, 

Continental Shelf Research, vol. 26, pp. 168-178.  

Tanzil, JTI, Brown, BE, Dunne, RP, Lee, JN, Kaandorp, JA & 

Todd, PA 2013, ‘Regional decline in growth rates of massive 

Porites corals in Southeast Asia’, Global Change Biology, 

vol. 19, no. 10, pp. 3011–3023. 

Taraldsvik, M & Myklestad, S 2000, ‘The effect of pH on 

growth rate, biochemical composition and extracellular 

carbohydrate production of the marine diatom 

Skeletonema costatum’, European Journal of Phycology, 

vol. 35, no. 2, pp. 189–194.  

Thingstad, TF, Ovreas, L, Egge, JK, Lovdal, T & Heldal, M 

2005, ‘Use of non-limiting substrates to increase size: A 

generic strategy to simultaneously optimize uptake and 

minimize predation in pelagic osmotrophs?’, Ecology 

Letters, vol. 8, pp. 675-682.  

Vezina, AF & Hoegh-Guldberg, O 2008, ‘Effects of ocean 

acidification on marine ecosystems’, Marine Ecology 

Progress Series, vol. 373, pp. 199-201.  

Viyakarn, V, Lalipattarakit, W, Chinsak, N, Jandang, S, 

Kuanui, P, Khokiat- tiwong, S & Chavanich, S 2015, ‘Effect 

of lower pH on settlement and development of coral, 

Pocillopora damicornis (Linnaeus, 1758)’, Ocean Science 

Journal, vol. 50, no. 2, pp. 475-480.  

Wasmund, N & Siegel, H 2008, ‘Phytoplankton. State and 

Evolution of the Baltic Sea, 1952-2005: A Detailed 50-Year 

https://www.climatechangenews.com/2012/01/24/warming-oceans-face-co2-tipping-point/
https://www.climatechangenews.com/2012/01/24/warming-oceans-face-co2-tipping-point/


ASM Science Journal, Volume 19, 2024  
 

11 

Survey of Meteorology and Climate, Physics, Chemistry, 

Biology and Marine Environment’ (pp. 441–481). Hoboken, 

New Jersey: John Wiley & Sons, Inc.  

Whiteley, NM 2011, ‘Physiological and ecological responses of 

crustaceans to ocean acidification’, Marine Ecological 

Progress Series, vol. 430, pp. 257–271. 

Wu, J & Chou, T 2003, ‘Silicate as the limiting nutrient for 

phytoplankton in a subtropical eutrophic estuary in 

Taiwan’, Estuarine Coastal and Shelf Science, vol. 58, no. 1, 

pp. 155-162. 

Xuan, H & Xiangang, H 2022, ‘Self-Assembled Nanoscale 

Manganese Oxides Enhance Carbon Capture by Diatoms’ 

Environmental Science & Technology, vol. 56, no. 23, pp. 

17215-17226. 

Yuan, M, Zhang, C, Jiang, Z, Guo, S & Sun, J 2014, ‘Seasonal 

variations in phytoplankton community structure in the 

Sanggou, Ailian, and Lidao Bays’, Journal of Ocean 

University of China, vol. 13, no. 6, pp. 1012–1024.  

Zhou, Y, Zhang, Y, Li, F, Tan, L & Wang, J 2017, ‘Nutrients 

structure changes impact the competition and succession 

between diatom and dinoflagellate in the East China Sea’, 

Science of the Total Environment, vol. 574, no. 238, pp. 

499–508.  


